Arousal sometimes enhances and sometimes impairs perception and memory. A recent theory attempts to reconcile these findings by proposing that arousal amplifies the competition between stimulus representations, strengthening already strong representations and weakening already weak representations. Here, we report a stringent test of this arousal-biased competition theory in the context of focused visuospatial attention. Participants were required to identify a briefly presented target in the context of multiple distractors, which varied in the degree to which they competed for representation with the target, as revealed by psychophysics. We manipulated arousal using emotionally arousing pictures (Experiment 1), alerting tones (Experiment 2) and white-noise stimulation (Experiment 3), and validated these manipulations with electroencephalography and pupillometry. In none of the experiments did we find evidence that arousal modulated the effect of distractor competition on the accuracy of target identification. Bayesian statistics revealed moderate to strong evidence against arousal-biased competition. Modeling of the psychophysical data based on Bundesen's (1990) theory of visual attention corroborated the conclusion that arousal does not bias competition in focused visuospatial attention.
Introduction
Arousal, the global state of activation of our central and autonomic nervous system, is one of the driving forces in human behavior. Recent years have seen a renewed interest in the effects of arousal on brain, mind and behavior (Cavanagh, Wiecki, Kochar, & Frank, 2014; Eldar, Cohen, & Niv, 2013; Lee, Baek, Lu, & Mather, 2014; Murphy, Vandekerckhove, & Nieuwenhuis, 2014; Nassar et al., 2012; Sørensen, Vangkilde, & Bundesen, 2015; Vinck, Batista-Brito, Knoblich, & Cardin, 2015; Warren et al., 2016) . These studies have revealed that slow as well as second-to-second fluctuations in arousal have highly specific influences on neural activity and cognitive function. A common theme in this research is that arousal level modulates the impact of new observations on subsequent perceptual inferences, a finding that has led to detailed computational models in which arousal indexes specific forms of uncertainty and corresponding changes in gain or estimated precision (e.g., Allen et al., 2016; Murphy, Boonstra, & Nieuwenhuis, 2016; Nassar et al., 2012) . A less well understood aspect of arousal is that it sometimes enhances and sometimes impairs perception and memory (reviewed in Hanoch & Vitouch, 2004; Mather, Clewett, Sakaki, & Harley, 2016; Mather & Sutherland, 2011) . For example, the same arousal manipulation may enhance perceptual learning of a target among dissimilar distractors, while impairing perceptual learning of the same target among similar distractors (Lee, Itti, & Mather, 2012) . Here, we examine this aspect of arousal by investigating how arousal shapes visual perception of targets and distractors in a focused-attention task.
An elegant theory that attempts to explain the somewhat contradictory effects of arousal on cognitive function is the arousal-biased competition theory (henceforth ABC theory; Mather & Sutherland, 2011) . ABC theory is based on the idea of biased competition (e.g., Bundesen, 1990; Desimone & Duncan, 1995) which views visual attention as a competitive process, during which a processing capacity of a fixed size is divided asymmetrically among signals of varying interest (or priority). Because processing capacity is fixed, a processing advantage of one signal must come at the expense of processing other signals. Building on classic arousal studies (Bacon, 1974; Easterbrook, 1959; Hockey & Hamilton, 1970) , ABC theory posits that the competitive advantages caused by biased competition are further exaggerated under arousal, leading to ''winner-take-more/loser-take-less" dynamics (Mather & Sutherland, 2011) . The priority of a given signal relative to other signals is what determines whether it will be amplified or http://dx.doi.org/10.1016/j.cognition.2017.07.001 0010-0277/Ó 2017 Elsevier B.V. All rights reserved.
